In this research, pure and copper doped cadmium oxide thin films were prepared by Successive Ionic Layer Adsorption and reaction (SILAR) method using cadmium acetate as the Cd source (cation) and hydrogen peroxide (anion). Optical transmittance is measured by UV-visible spectrophotometer, it is revealed that the copper doping and annealing at 300
Introduction
The rapidly growing development of nanotechnology is due to the unique properties of nanocrystalline materials in comparison with their large-grained analogs. Cadmium oxide (CdO) is an important semiconductor material for the development of various technologies of solid-state devices [1] (panel display, optoelectronic components, thermally insulating glass, etc.) [2] . Recently CdO has attracted attention as a transparent conducting oxide because of its (i) band gap (∼2.5 eV), (ii) high conductivity, (iii) ease in doping, (iv) chemical stability in hydrogen plasma, (v) abundance in nature and no toxicity [3] . Some physical properties of this oxide have been investigated by several authors. Various techniques such as thermal evaporation [4] , sputtering [5] , solution growth [6] , pulsed laser sputtering [7] , activated reactive evaporation [8] , spray pyrolysis deposition (SPD) [9] and (SILAR) method were employed to prepare thin films of CdO. It was experimentally found that the structural, electrical and optical properties of copper doped cadmium oxide strongly depend on the preparation method and deposition conditions [10] . Transparent conducting oxides (TCOs) have long been a subject of various investigations due to its unique physical properties and applications in commercial devices been successfully used for many applications, including phototransistors [11] , gas sensor [12] , solar cells [13] , liquid crystal displays, IR detectors and anti-reflection coatings [14] . Doping of CdO thin films incorporating various elements such as Sn [15] ,in [16] F [17] and Al [18] have already been studied. This paper describes the deposition of pure and copper doped CdO thin films by (SILAR) method. Then investigate the influence of the doping with Cu and annealing at 300 • C on the structural and optical properties of these films.
2.
Experimental details SP3000) UV/VIS/NIR spectrophotometer was used. The XRD measurements were carried out using (SHIMADZU XRD-6000) X-ray diffractometer.
3.
Results and discussion
The results of optical microscopic examination
We noted the occurrence of homogeneous and smooth surfaces at the microscopic examination light of undoped CdO thin film and doped with Cu before and after annealing, as shown in Fig. 1 . It can be observed that the annealing temperature appreciably affected both the nanostructures and crystallite sizes of the films. This modifies the grain boundaries of films and consequently increases the crystal size. Also the doping with Cu led to increase of the band gap and the absorption is slightly changed depending on the change in the crystalline nature. For these reasons we observe dots with different color intensities in Fig. 1 .
Atomic force microscope (AFM)
Typical AFM images for CdO (undoped) and CdO:Cu films, before and after annealing at 300 • C for 50 min are shown in Fig. 2 . It is seen that films display similar surface morphologies, comprising of image nanostructures, which provide evidence for its growth features [19] . In general, the grain size depends on the chemical composition of the starting solution and the post annealing process. The grain size of as-grown films is around 19.1 nm, which increases to 44.4 nm after the annealing process.
X-ray diffraction (XRD)
The X-ray diffraction (XRD) of pure and Cu doped CdO thin film is displayed in Fig. 3 . All the peaks of CdO corresponding to (1 1 1), (2 0 0) and (2 2 0) reflections are observed. The shift in the CdO peak positions was observed, which indicated that Cu does react with CdO. Considering the results above, it can be concluded that the deposition of a very thin Cu layer on a CdO film has a noticeable influence on the crystalline structure. The X-rays pattern reveals that all investigated coated films are polycrystalline of cubic CdO structure and Bragg position for strong reflections like (1 1 1) The value of the dislocation density (ı) which gives the number of defects in the film was calculated from the average values of the crystallite size D by the relationship [21] :
Texture coefficient (T c ) is used to quantify the preferential orientation of the film deposited at different substrate temperature using the following relation [22] . It is found that the T c T able4-(hkl) plane, FWHM value, D grain size, dislocation density (ı) and texture coefficient (T c(hkl) ) values of the pure thin films at 300 • C.
( 1 1 is maximum for (1 1 1) plane for all the films deposited at different temperature. This indicates no orientation and phase change in the CdO film.
where I is the measured intensity, I o is the standard intensity and N is the number of diffraction peaks. The results of T c and grain sizes for 25 • C and 300 • C are shown in Tables 3 and 4 , respectively.
Optical properties
The optical absorption of CdO films deposited onto a glass substrate was studied in the range 200-900 nm. Fig. 4 shows the variation of absorption with wavelength. The absorption of the film is found to increase after annealing at 300 • C. This is possibly due to increase in crystalline nature and decrease in the number of defects in the localized state [23] . Also, we found after doping with 1% Cu that the absorption is slightly changed depending on the change in the crystalline nature. It is clearly seen from the optical spectrum that the absorption edge is red shifted for annealed films, this indicates a decrease of the optical band gap. The optical band gap was calculated using the following relation [24] :
where A is a constant and n is a constant equal to ½ for direct band gap semiconductors. The estimated band gap from plots of (˛h) 2 versus (h) are shown in shows that the annealed film causes a strong "red shift" in the optical spectra due to sintering of the nanocrystalline and increasing in lattice parameter and grain size, the optical band gap decreased.
Conclusions
• The CdO thin films have been successfully deposited onto glass substrates using the SILAR technique. A peak broadening nanostructure formation of the coated films.
• XRD shows that the films have a cubic crystal structure. The average G.S. of (1 1 1) orientation grains of the studied polycrystalline film annealed at 300 • C was found to be around 44.4 nm and before annealed grains was found to be around 19.1 nm.
• The band gap value of CdO increases from 2.5 eV to 2.8 eV with Cu doping and decreases to 2.4 eV after annealing for temperatures of 300 • C due to the increase in grain size and the decrease in the number of defects.
• It is found that the absorption edge of thin film after doping with Cu and annealing at 300 • C become more sharp due to decrease of defects in the localized state and increase in the crystalline nature.
